REMARKS 

In view of the above amendments and following remarks, reconsideration and further 
examination are requested. 

The specification and abstract have been reviewed and revised to make editorial changes 
thereto and generally improve the form thereof, and a substitute specification and abstract are 
provided. No new matter has been added by the substitute specification and abstract. 

By the current Amendment, claims 27-51 have been cancelled and claims 52-70 have been 
added. For the Examiner's convenience, the following table is provided to show correspondence 
between currently presented claims 52-70 and prior claims. 
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Claims 29 and 30 were rejected under 35 U.S.C. § 112, second paragraph. Claims 28-35 
were rejected under 35 U.S.C. § 103(a) as being unpatentable over Kimura. And, claims 27 and 36- 
51 were held to be allowable. 

As is clear from the above table, current claims 52 and 55-70 correspond to allowable claims 
27 and 36-5 1 . Accordingly, it is respectfully submitted that claims 52 and 55-70 should be found to 
be allowable for the same reasons that claims 27 and 36-51 were held to be allowable. 

Inresponsetothe35 U.S.C. § 112, second paragraph, rejection, claim 29 has been rewritten 
in independent form as new claim 54 and no currently pending claim corresponds to claim 30. 

In response to the 35 U.S.C. § 103(a) rejection, no currently pending claim corresponds to 
any of rejected claims 30-35, and because claim 54 (which substantially corresponds to former claim 
29) recites an apparatus that corresponds to the method of allowable claim 27, it is respectfully 
submitted that claim 54 should also be found to be allowable. And, claim 28 has been amended and 
rewritten as new claim 53 so as to further distinguish this claim from Kimura. Accordingly, Kimura 
will be discussed as it pertains to new claim 53, i.e. former claim 28. 

Claim 53 is believed to be allowable over Kimura for at least two reasons. 

First, claim 53 recites that components which are held by suction nozzles are successively 
placed onto individual ones of sub-boards. In other words, claim 53 is believed to require that when 
at least two components are being held by at least two nozzles, a first of these components is placed 
onto a first sub-board and then a second of these components is placed onto a second sub-board. 
Such successive placement of components is not taught or suggested by Kimura. 

In this regard, in Kimura components that are held by nozzles are all mounted in the same sub- 
region of board 9 as shown in Figure 16. Of the components simultaneously held by nozzles in 
Kimura, no two of these components are mounted in different sub-regions (as identified by the dotted 
lines in Figure 16), such that it is respectfully submitted that Kimura does not teach or suggest 
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"successive" placement of components into different sub-regions or sub-boards. Thus, for this reason 
alone claim 53, and former claim 28, are allowable over Kimura. 

Second, claim 53 differs from former claim 28 by reciting that the sub-boards onto which 
components are to be placed or mounted each have an identical circuit pattern. Please note that 
claims 52 and 54 also recite that the sub-boards have identical circuit patterns. Support for such 
identical circuit patterns on the sub-boards can be found in the original specification on page 38, line 
25 through page 39, line 2, for example. 

Kimura fails to disclose a multiple board composed of a plurality of sub-boards each having 
an identical circuit pattern. In this regard, as shown in Figure 1 6 of Kimura no two of the sub-regions 
have identical circuit patterns as now required by claim 53. Accordingly, for this additional reason 
claim 53 is allowable over Kimura. 

In view of the above amendments and remarks, it is respectfully submitted that the present 
application is in condition for allowance and an early Notice of Allowance is earnestly solicited. 

If after reviewing this Amendment, the Examiner believes that any issues remain which must 
be resolved before the application can be passed to issue, the Examiner is invited to contact the 
Applicants' undersigned representative by telephone to resolve such issues. 



JMG/edg 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
June 23, 2004 



Respectfully submitted, 




Yasuhiro MAENISHI et al 



JAseph M. Gorski 
Registration No. 46,500 
Attorney for Applicants 
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DESCRIPTION 

Component Mounting Method and Component Mounting Apparatus 
^technical Field 

[0001] The present invention relates to a component mounting method and a component 

mounting apparatus for manufacturing circuit boards by placing a multiplicity of components 
onto a circuit board. 

Background Art 

[0002] In recent years, needs for mounting apparatus for electronic components have 

been changing from rotary type high-speed mounters to robot type mounters that can flexibly be 
adapted to various forms of production, in terms of area productivity and component adaptability. 
Under such circumstances, for more improvement in productivity, those mounting apparatuses of 
which the number of placement heads to be mounted on one robot has evolved from one to 
pluralities many, and in which the-a_suction nozzle to be used for each placement head is 
removable and interchangeable, have been forming a mainstream. 

[0003] In this type of electronic component mounting apparatus, there are some cases to 

use a so-called multiple board which is prepared by providing a plurality of circuits having an 
identical pattern on one circuit board, mounting a plurality of electronic components onto this 
circuit board, and thereafter cutting the board according to individual circuit patterns so that a 
plurality of sub-boards , each having an identical circuit pattern, are fabricated. It is noted that 
such a multiple board herein refers to a multiple board composed of a plurality of sub-boards in 
this DESCRIPTION Specification . 

[0004] The following methods are available as e xampl e examples of the-prior art for 



placing electronic components onto such a multiple board composed of a plurality of sub-boards: 

(1) A step repeat method including the-steps of applying performing a step of placing 
particular components (hereinafter, referred to as ajdacement step) te -onto all the sub-boards, 
and after the-completion of the placement step, moving to the-anext placement step; and 

(2) A pattern repeat method including the-steps of performing all ^emplacement steps for 
one sub-board, and after the-completion of all the placement steps, moving to the-a_placement en 
the step for a next sub-board. 

[0005] Both of these step repeat and pattern repeat methods have been widely used since 

preparing only an NC program as a mounting program for only one sub-board makes it possible 
to develop the-aj>rogram for all components to be mounted on th e onto a circuit board by setting 
relative distances to other sub-boards. 

[0006] The-A^component mounting method for this multiple board is described below. 

[0007] Fig. 7 shows a mounting procedure by the for a conventional step repeat method. 

Fig. 17 sequentially shows this-a_placement procedure through component placement steps with 
an electronic component mounting apparatus having four placement heads (placement head Nos. 
1 - 4) connected to one another. 

[0008] In Fig. 17, the column "STEP NO." shows numbers sequentially assigned to steps 

of placement, where it is assumed that steps corresponding to the-a_number of placement heads 
are involved in one-cycle operation from suction to placing of components by the four connected 
placement heads. The column "SUB-BOARD" shows, by numbers of sub-boards, on which sub- 
board on the circuit board a component is to be placed. The column "COMPONENT" shows 
components to be placed ^ during respective steps. The column "PLACEMENT HEAD NO." 
shows placement heads to be used a^- during individual steps. The column "SUCTION 
NOZZLE" shows which type of suction nozzle is used a^ during individual steps. The type of 



suction nozzle to be used depends on the-a_configuration and size of a component, where suction 
nozzles come in S (small), M (medium), and L (large) sizes. It is assumed here, as an example, 
that small-size components are sucked by the S-size suction nozzle, medium-size components 
are sucked by the M-size suction nozzle, and large-size components are sucked by the L-size 
suction nozzle. If there are some placement heads that do not suck any component in -during the 
one-cycle operation, the placement head actually does not suck and place any component, and so 
the-fields of component and suction nozzle are marked with "-" in Fig. 17. 
[0009] As shown in Fig. 17, in -during this placement procedure, components of the same 

type are placed for individual patterns in an order of a chip component CI of a first pattern to C5 
of a second pattern to C9 of a third pattern, and upon completion of one placement step, the-a 
working step moves to a placement step for the-anext same type of chip components C2, C6, and 
CIO. This placement step is performed for all components. It is noted that the suction nozzle is 
changed from S size for small-size components to M size for medium-size components after the 
placement of the-chip component C12 of the third pattern, and changed from M size for medium- 
size components to L size for large-size components after the-placement of components SOP1 - 
SOP3 (where "SOP" is an abbreviation of Small Outline Package). 
[0010] Next, the-aconventional pattern repeat mounting method is described. 

[0011] Fig. 18 shows a mounting procedure according to the conventional pattern repeat 

method. Fig. 19 shows this sequential placement procedure through electronic-component 
placement steps with an electronic component mounting apparatus having four placement heads 
(placement head Nos. 1 - 4). 

[0012] In this placement procedure, as shown in Fig. 19, after all the-placement steps for 

tfee-afirst pattern are completed in the-order of chip components CI - C4, SOP1, and QFP1 of 
the first pattern (where "QFP" is an abbreviation of Quad Flat Package), the-a_working step 



moves to the-a_placement step for the-a_second pattern. Then, upon the-completion of the 
placement for the second pattern, the working step moves to the-a_placement step for the-athird 
pattern. It is noted that the-changing of suction nozzles is dene- performed respectively after the 
completion of the-placement fe-of one kind of components o f component for each pattern. In 
the case of Fig. 19, the-changing of suction nozzles is dene- performed three times for each 
pattern, tetaHy-totaling_eight times (the-ajast ene-time is- being unnecessary). 
[0013] However, in the-acase of the step repeat method, since only one , from among the 

four suction nozzles^ is used at all times, component suction and component placement are 
repetitively performed for every one component, causing the-mounting time to be prolonged. 
Thus, the -this mounting method does not take full advantage of a multiple-head construction 
having a plurality of suction nozzles, resulting in an inefficient mounting method. 
[0014] On the other hand, in the-a_case of the pattern repeat method, since the-changing 

of suction nozzles is frequently dene performed , the-mounting time would be prolonged each 
time the-time-consuming nozzle changing work is deae-te performed a plurality of times. Thus, 
the -this method results in an inefficient mounting method. 

[0015] Applying such a mounting method to recently increasing large-scale multiple 

boards composed of, for example, 50 - 200 boards would cause the-a_mounting apparatus to 
operate quite tediously. Since such an inefficient mounting method can hardly achieve any 
improvement in process time, there has been a keen desire for mounting methods of higher 
efficiency. 

[0016] Moreover, in -during suction of electronic components to suction nozzles, even 

when the electronic components to be sucked are located at adjoining (succeeded) positions of 
component feeders as shown in Figs. 20A - 20D as an example, transfer heads need to be 
transferred one by one to perform the-component suction because an array interval P of 



component feeders differs from an array interval L of the-suction nozzles of the transfer heads. 
Besides, even if the array interval P of component feeders is equal to the array interval L of the 
suction nozzles, a shift of fee-electronic components from the-an array line would make it not 
possible to achieve theif-simultaneous suction. Furthermore, any difference in component 
thickness would also make the-simultaneous suction of electronic components no longer 
achievable. 

[0017] Therefore, &e-a_component placement operation en-for suction nozzles cannot be 

deae- performed by a one-time simultaneous vertical operation of the suction nozzles, thereby 
making it necessary to repetitively perform the-operations of moving tfee-a_transfer head to its 
corresponding component feed position and sucking the-acomponent for every suction nozzle as 
shown in Figs. 20A to 20D. As a result, it would take a longer time to mak e the cause electronic 
components to be held by the suction nozzles, which has been an obstacle to reduction in the 
mounting time. 

[0018] The present invention having been achieved in view of these and other issues, an 

object of the present invention is to provide a component mounting method and a component 
mounting apparatus which allows the-mounting time to be shortened by reducing such a suction 
preparation operation for suction nozzles as suppressing the-a_changing frequency of the suction 
nozzles, or adjusting tke-intervals of suction nozzles in-the- of a transfer head in-the during a 
process of component mounting onto the-ajnultiple board. 

Di s closure Summary Of the Invention 

[0019] In order to achieve the above object, the present invention has the following 

constitution. 

[0020] According to a first aspect of the present invention, there is provided a component 



mounting method for placing components successively te-at component placing positions on a 
multiple board, composed of a plurality of sub-boards^ by component holding devices equipped 
with a plurality of removable suction nozzles which is operable to hold the components, the 
method comprising: 

ia- during placing the components onto the board, applying a placement step te-for 
all the sub-boards, with the placement step being a step of placing onto the board all of 
components that are holdable by at least one identical suction nozzle out of the plurality of 
suction nozzles; and 

after completion of the placement step, changing the suction nozzle to another 
suction nozzle and moving to a next placement step, whereby component mounting for the 
individual sub-boards is carri e d out performed . 

[0021] With this component mounting method, in th e during placement of components 

onto a multiple board, the suction nozzle is changed after the placement step of placing onto the 
multiple board all the components that can be held by the same suction nozzle is applied to all 
s ub sub s trat es sub-boards . Thus, the-achanging frequency of suction nozzles can be suppressed 
to a minimum, so that the-component mounting time can greatly be shortened. 
[0022] According to a second aspect of the present invention, there is provided a 

component mounting method for placing components successively to-at component placing 
positions on a multiple board, composed of a plurality of sub-boards,, by component holding 
devices equipped with a plurality of removable suction nozzles which is operable to hold the 
components, the method comprising: 

in- during p lacing the components onto the board, applying a placement step to all 
the sub-boards, with the placement step being a step of, with components of an identical type 
held on the suction nozzles, respectively, placing th e plurality o f these held components onto the 



sub-boards, respectively, successively; and 

after completion of the placement step, moving to a next placement step, whereby 
component mounting for the-individual sub-boards is carried out performed . 
[0023] With this component mounting method, m-&e during placement of components 

onto a multiple board, components of the same type are held by the suction nozzles, respectively, 
and th€H-a_working step moves to the-anext step after the placement step of continuously placing 
the components onto the individual sub-boards is applied to all the sub-boards. Thus, tbe-an 
operation of repeating the-suction and placement for every one component by the conventional 
pattern repeat method is replaced by an operation of sucking components at a- one time and then 
placing a plurality o f these components onto the board , thereby allowing the-component 
mounting time to be shortened. 

[0024] According to a third aspect of the present invention, there is provided a 

component mounting method for placing components successively te-at component placing 
positions on a multiple boards composed of a plurality of sub-boards,, by component holding 
devices equipped with a plurality of removable suction nozzles which is operable to hold the 
components, the method comprising: 

after completion of component mounting for one sub-board, and in performing 
component mounting for a next sub-board in placing the components en- onto the board, using 
suction nozzles that are the-last used for placing compl e t e d sub boards the one sub-board , as 
they are, for the next sub-board, whereby component mounting for ^e-individual sub-boards is 
carri e d out performed . 

[0025] With this component mounting method, m4h e during placing of components onto 

a multiple board, when the-placement of components for one sub-board is completed,, and 
thereafter subsequently the-placement of components for the-ajiext sub-board is performed, the-a 
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suction nozzle last used for the last- one sub-board for which fee-placement has been completed is 

used for the next sub-board^ as it is. Thus, fee-changing of suction nozzles for the sub-boards 

can be saved one time, so that fee-component mounting time can be shortened. 

[0026] According to a fourth aspect of the present invention, there is provided a 

component mounting apparatus for mounting components onto a multiple board by using the 

component mounting method as defined in any one of the first to third aspects. 

[0027] With this component mounting apparatus, in-fee_during placement of components 

onto a multiple board, since fee-ajnounting operation is performed efficiently so as not to be 

wasteful, a reduction in fee-component mounting time can be achieved. 

[0028] According to a fifth aspect of the present invention, there is provided a component 

mounting method including: moving a transfer head A on which a plurality of component holding 
devices operable to hold components are mounted, £em-to component feed sections with a 
plurality of components arrayed th e r e on on the component feed sections ; making causing the 
components to be held by the component holding devices after being received from the 
component feed sections; and lowering the component holding devices at-over component 
placing positions of the-a^circuit board, thereby placing the components held by the component 
holding devices onto the circuit board, 

wherein array intervals of the component holding devices of the transfer head are 
coincident with at least one of component array intervals of the component feed sections and 
intervals of the component placing positions on the circuit board. 

[0029] h* -During this component mounting method, which is a component mounting 

method including fee-steps of laterally moving the transfer head that are to hold components, 
making causing the components held- received from the component feed section to be held by the 
component holding devices , and then mounting the components te—at component placing 
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positions on the circuit board, components can be held by the component holding devices by 
moving the component holding devices vertically one time simultaneously at the-atime of taking 
eat removing the components from the component feed se ction sections by virtue of the 
coincidence between the component array interval of the component feed section sections or the 
interval of the component placing positions on the circuit board and the array interval of the 
component holding devices of the transfer head. Besides, k -during p lacing the components held 
by the component holding devices onto the circuit board, the components can be placed te-at 
desired positions on the circuit board by moving the component holding devices vertically one 
time simultaneously. As a result, the-component mounting time can be greatly shortened. 
[0030] According to a sixth aspect of the present invention, there is provided a 

component mounting apparatus comprising: 

a transfer-head moving device for laterally movably supporting a transfer head 
operable to hold components and place the components onto a board, with the transfer-head 
moving d e vices device being provided above the board en -onto which the components are to be 
mounted; 

a plurality of juxtaposed component holding devices provided on the transfer head 
and operable to hold the components; 

a plurality of juxtaposed component feed sections having a plurality of 
components accommodated therein and operable to feed the components to the component 
holding devices; and 

a component-holding-device moving mechanism disposed on the transfer head 
and operable to adjust array intervals of the plurality of component holding devices. 
[0031] With this component mounting apparatus, in which the transfer head is equipped 

with a component-holding-device moving mechanism for adjusting the-an array interval of a 
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plurality of component holding devices, the array interval of the component holding devices of 
the transfer head can be adjusted so as to be coincident with the-acomponent array interval in the 
component feed s e ction sections or the-an interval of the component placing positions on the 
board. Thus, the-components can be held by the component holding devices by moving the 
component holding devices vertically one time simultaneously at the-ajime of talcing out 
removing the components from the component feed seetton sections . Besides, the components 
can be placed te-at desired positions on the board by moving the component holding devices 
vertically one time simultaneously at the-ajime of placing the components held by the 
component holding devices onto the board. Thus, the-component mounting time can be greatly 
shortened. 

[0032] According to a seventh aspect of the present invention, there is provided a 

component mounting apparatus comprising: 

a transfer-head moving device for laterally movably supporting a transfer head 
operable to hold components and place the components onto a board, with the transfer-head 
moving devices device being provided above the board en -onto which the components are to be 
mounted; 

a plurality of juxtaposed component holding devices provided on the transfer head 
and operable to hold the components; and 

a plurality of juxtaposed and arrayed component feed sections having a plurality 
of components accommodated therein and operable to feed the components to the component 
holding devices, 

wherein array intervals of the plurality of component holding devices of the 
transfer head are coincident with array intervals of the component feed sections. 
[0033] With this component mounting apparatus, components can be held by the 



component holding devices by moving the component holding devices vertically one time 
simultaneously at the-ajime of taking out removing the components from the component feed 
section sections by virtue of the-coincidence between the array int e rval intervals of the 
component holding devices of the transfer head and the component array int e rval intevals of the 
component feed seetien sections . Thus, the-component mounting time can be greatly shortened. 
[0034] According to an eighth aspect of the present invention, there is provided a 

component mounting apparatus comprising: 

a transfer-head moving device for laterally movably supporting a transfer head 
operable to hold components and place the components onto a board, with the transfer-head 
moving devices device being provided above the board efl- onto which the components are to be 
mounted; 

a plurality of juxtaposed component holding devices provided on the transfer head 
and operable to hold the components; and 

a plurality of juxtaposed component feed sections having a plurality of 
components accommodated therein and operable to feed the components to the component 
holding devices, 

wherein array intervals of the plurality of component holding devices of the 
transfer head are coincident with intervals of component placing positions on the board where 
the components held by the component holding devices are to be placed. 

[0035] With this component mounting apparatus, k- during p lacing components held by 

the component holding devices onto a circuit board, the components can be placed te-at_desired 
positions on the board by moving the component holding devices vertically one time 
simultaneously by virtue of the— coincidence between the array interval intervals of the 
component holding devices of the transfer head and the interval intervals of the component 
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placing positions on the board for the components held by the component holding devices. Thus, 
ike-component mounting time can be greatly shortened. 

[0036] According to a ninth aspect of the present invention, there is provided a 

component mounting apparatus according to the sixth aspect, wherein the component-holding- 
device moving mechanism can adjust array intervals of the plurality of component holding 
devices of the transfer head so that the array intervals of the plurality of component holding 
devices become coincident with component array intervals of the component feed sections. 
[0037] According to a j-Qth- tenth aspect of the present invention, there is provided a 

component mounting apparatus according to the sixth aspect, wherein the component-holding- 
device moving mechanism can adjust array intervals of the plurality of component holding 
devices of the transfer head so that the array intervals of the plurality of component holding 
devices become coincident with array intervals of the component feed sections. 
[0038] According to an 444h- eleventh aspect of the present invention, there is provided a 

component mounting method including: moving a transfer head on which a plurality of 
component holding devices operable to hold components are mounted; making the causing 
components to be held by the component holding devices after being received from a component 
feed section with a plurality of components arrayed thereon; and thereafter lowering the 
component holding devices at-over component placing positions of a circuit board, thereby 
placing the components held by the component holding devices onto the circuit board, the 
method comprising: 

before performing either one of an operation of holding the plurality of 
components by the plurality of component holding devices of the transfer head and an operation 
of placing the plurality of components onto the circuit board , moving the component holding 
devices to adjust intervals between adjacent component holding devices at-of the transfer head so 



that the intervals between adjacent component holding devices become coincident with array 
intervals of the-aplurality of components targeted for the -this either one operation; and 

thereafter performing the either one operation by utilizing the plurality of 
component holding devices of the transfer head. 

[0039] According to a 4^fe- twelfth aspect of the present invention, there is provided a 

component mounting method according to the 444h -eleventh aspect, wherein the either one 
operation is the operation of holding the plurality of components by the component holding 
devices , and the array intervals of the plurality of components targeted for the either one 
operation are array position positional intervals of component array of the component feed 
section. 

[0040] According to a 4^th- thirteenth aspect of the present invention, there is provided a 

component mounting method according to the 44# Heleventh aspect, wherein the either one 
operation is the operation of placing the plurality of components onto the circuit board , and the 
array intervals of the plurality of components targeted for the either one operation are array 
position positional intervals of the-component placing positions on the circuit board. 
[0041] According to a 44th -fourteenth aspect of the present invention, there is provided a 

component mounting method according to any one of the 44th -eleventh t o 44th- thirteenth aspects, 
further comprising: 

before adjusting the-intervals between adjacent component holding devices, 
obtaining array position positional information as to the plurality of components targeted for the 
either one operation and, based on the -this obtained array po s ition positional information as to 
the plurality of components targeted for the either one operation, determining tfee-intervals 
between adjacent component holding devices m-of the transfer head; and 

thereafter moving the component holding devices to adjust the intervals between 
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the adjacent component holding devices so that the intervals between the adjacent component 
holding devices become the -these determined intervals between the adjacent component holding 
devices m-of the transfer head. 

[0042] According to a 4£fo -fifteenth aspect of the present invention, there is provided a 

component mounting method according to any one of the 444k- eleventh to 44tk -fourteenth 
aspects, wherein the-adjustment of the array intervals of the component holding devices of the 
transfer head is performed during move- movement of the transfer head. 

[0043] According to a 4&h -sixteenth aspect of the present invention, there is provided a 

component mounting method according to the 44th- fourteenth aspect, wherein the-obtaining the 
array po s ition positional information as to the plurality of components is performed by reading 
array position positional information of the plurality of components previously stored in a 
storage device. 

[0044] According to a 4-3fe- seventeenth aspect of the present invention, there is provided 

a component mounting method according to the 44th -fourteenth aspect, wherein the-obtaining the 
array position positional information as to the plurality of components is performed by obtaining 
array position positional information as to the plurality of components recognized by a 
component array position information component-arrav-positional-mformation recognition 
device of the transfer head. 

[0045] According to an 4-8#n eighteenth aspect of the present invention, there is provided 

a component mounting apparatus which operates through: moving a transfer head on which a 
plurality of component holding devices operable to hold components are mounted; making th e 
causing components to be held by the component holding devices after being received from a 
component feed section with a plurality of components arrayed thereon; and thereafter lowering 
the component holding devices at-over component placing positions of a circuit board, thereby 
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mounting the components held by the component holding devices onto the circuit board, the 
apparatus comprising: 

a component-holding-device moving mechanism provided on the transfer head 
and operable to move the component holding devices so as to adjust array intervals of the 
plurality of component holding devices; 

a control section which can perform control for, before performing either one of 
an operation of holding the plurality of components by the plurality of component holding 
devices of the transfer head and an operation of placing the plurality of components onto the 
circuit board , driving the component-holding-device moving mechanism to move the component 
holding devices so as to adjust intervals between adjacent component holding devices a^of the 
transfer head so that the intervals between adjacent component holding devices become 
coincident with array intervals of the-a_plurality of components targeted for the- this either one 
operation, and thereafter performing the either one operation by utilizing the plurality of 
component holding devices of the transfer head. 

[0046] According to a 4£&-nineteenth aspect of the present invention, there is provided a 

component mounting apparatus according to the 4-&th -eighteenth aspect, wherein the either one 
operation is the operation of holding the plurality of components by the component holding 
devices , and the array intervals of the plurality of components targeted for the either one 
operation are array position positional intervals of component array of the component feed 
section. 

[0047] According to a 3Qth- twentieth aspect of the present invention, there is provided a 

component mounting apparatus according to the j-&h- eighteenth aspect, wherein the either one 
operation is the operation of placing the plurality of components onto the circuit board , and the 
array intervals of the plurality of components targeted for the either one operation are array 



po s ition positional intervals of the-component placing positions on the circuit board. 
[0048] According to a 24-st- twenty-first aspect of the present invention, there is provided 

a component mounting apparatus according to any one of the 4Sth -eighteenth t o 2Qfe- twentieth 
aspects, further comprising: an arithmetic section for, before adjusting fee-intervals between 
adjacent component holding devices, determining fee-array intervals of the plurality of 
components targeted for the either one operation based on array position positional information 
as to the plurality of components, 

wherein the control section can perform control for driving the component- 
holding-device moving mechanism to move the component holding devices so as to adjust 
intervals between adjacent component holding devices so that the intervals between adjacent 
component holding devices afc-of the transfer head become coincident with array intervals of the 
plurality of components targeted for the either one operation as determined by the arithmetic 
section, and thereafter performing the either one operation by utilizing the plurality of 
component holding devices of the transfer head. 

[0049] According to a 32ftd- -twentv-second aspect of the present invention, there is 

provided a component mounting apparatus according to any one of the -l&fe -eighteenth to 
twenty-first aspects, wherein the control section is operable to adjust the array intervals of the 
plurality of component holding devices of the transfer head by driving the component-holding- 
device moving mechanism during the mov e movement of the transfer head. 
[0050] According to a 2^pd -twenty-third aspect of the present invention, there is provided 

a component mounting apparatus according to the 24-s^ -twenty-first aspect, further comprising: a 
storage device for previously storing fee-array position positional information, 

wherein the arithmetic section is operable to determine the array intervals of the 
plurality of components based on array position positional information as to the plurality of 
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components as read from the storage device. 

[0051] According to a 34ih- -twenty-fourth aspect of the present invention, there is 

provided a component mounting apparatus according to the 2-tst- twenty-first aspect, further 
comprising: a component array position - information component-array-positional-information 
recognition device disposed on the transfer head and operable for recognizing the-component 
array position positional information, 

wherein the arithmetic section is operable to determine tke-intervals between 
adjacent component holding devices a^-of the transfer head based on the component array 
position positional information as to the-component placing positions on the circuit board as 
recognized by the component array position information component-array-positional- 
information recognition device. 

[0052] According to a 2#th- twenty-fifth aspect of the present invention, there is provided 

a component mounting method according to the 43th- twelfth aspect, wherein there are a plurality 
of component feed sections, and wherein the either one operation is the operation of holding the 
plurality of components by the component holding devices , and the array intervals of the 
plurality of components targeted for the either one operation are array position positional 
intervals of component array of the component feed sections, 

the method further comprising: instead of moving the component holding devices 
so that the intervals between adjacent component holding devices afc-of the transfer head become 
coincident with the array intervals of the plurality of components targeted for the either one 
operation, moving the plurality of component feed sections so that the-array intervals of the 
plurality of component feed sections become coincident with the-intervals between the adjacent 
component holding devices a^f the transfer head; and 

thereafter performing the-an operation of holding the plurality of components at 
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the plurality of component feed sections by the plurality of component holding devices of the 
transfer head. 

[0053] More specifically, in the 3&h -twenty- fifth aspect, the present invention provides a 

component mounting method comprising! moving a transfer head on which a plurality of 
component holding devices for holding components thereon are mounted , making ; causing 
components to be held by the component holding devices after being received from component 
feed sections on which a plurality of components are arrayedTS_and thereafter lowering the 
component holding devices at component placing positions on a circuit board, whereby the 
components held by the component holding devices are mounted onto the circuit board, the 
component mounting method further comprising: 

prior to the operation of holding the plurality of components by the plurality of 
component holding devices of the transfer head, moving the plurality of component feed sections 
so that array intervals between the plurality of component feed sections at th e transfer h e ad 
coincide with intervals between adjacent component holding devices, whereby the-an interval 
between the adjacent component feed sections is adjusted; and 

thereafter performing the component holding operation by utilizing the plurality 
of component holding devices of the transfer head. 

[0054] According to a 3&fe -twenty-sixth aspect of the present invention, there is provided 

a component mounting apparatus according to the 4-ffih-nineteenth aspect, wherein there are a 
plurality of component feed sections, and wherein the either one operation is the operation of 
holding the plurality of components by the component holding devices , and the array intervals of 
the plurality of components targeted for the either one operation are array position positional 
intervals of component array of the component feed sections, 

the apparatus further comprising: instead of the component-holding-device 
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moving mechanism, a component-feed-section moving mechanism for moving the plurality of 
component feed sections so that array intervals of the plurality of component feed sections 
become coincident with the intervals between adjacent component holding devices a^of the 
transfer head, and 

wherein the control section is operable to perform control for, before performing 
the operation of holding the plurality of components by the plurality of component holding 
devices of the transfer head, driving the component-feed-section moving mechanism to move the 
component feed sections so as to adjust intervals between adjacent component feed sections so 
that the array intervals of the plurality of component feed sections become coincident with the 
intervals between the adjacent component holding devices of the transfer heads; and thereafter 
performing the operation of holding the plurality of components by utilizing the plurality of 
component holding devices of the transfer head. 

[0055] More specifically, in the 36th- twentv-sixth aspect, the present invention provides 

a component mounting apparatus compri s ing for: moving a transfer head on which a plurality of 
component holding devices for holding components thereon are mounted , making ; causing 
components to be held by the component holding devices after being received from component 
feed sections on which a plurality of components are arrayed— i_and thereafter lowering the 
component holding devices at component placing positions on a circuit board, whereby the 
components held by the component holding devices are mounted onto the circuit board, the 
component mounting method apparatus further comprising: 

a component-feed section moving mechanism for moving the component-feed 
s e ction sections so as to adjust array intervals between the plurality of component feed sections; 
and 

a control section for controlling-iprior to the operation of holding the plurality of 



components by the plurality of component holding devices of the transfer head, so as to drive the 
component-feed section moving mechanism to move the plurality of component feed sections so 
that array intervals between the plurality of component feed sections at th e transfer h e ad coincide 
with intervals between adjacent component holding devices, whereby the-an interval between the 
adjacent component feed sections is adjusted; and thereafter to perform so as to have the 
component holding operation be performed by the plurality of component holding devices of the 
transfer head. 

Brief Description Of Drawings 

[0056] These and other aspects and features of the present invention will become clear 

from the following description taken in conjunction with the preferred embodiments thereof with 
reference to the accompanying drawings, in which: 

[0057] Fig. 1 is a perspective view of a component mounting apparatus as a first 

embodiment of the present invention; 

[0058] Fig. 2 is an enlarged perspective view of a transfer head of the component 

mounting apparatus; 

[0059] Fig. 3 is a schematic plan view of the e lectronic component mounting apparatus; 

[0060] Fig. 4 is a view showing an order of placement by a task repeat method in an 

example of a multiple board composed of three sub-boards having an identical pattern; 
[0061] Fig. 5 is a view sequentially showing placement steps by-of the task repeat 

method; 

[0062] Fig. 6 is a view showing a multiple board having totally 16 sub-boards, 

longitudinally 4 x laterally 4; 

[0063] Fig. 7 is a view showing an order of placement bv-of an improved step repeat 



method in an example of a multiple board composed of three sub-boards having an identical 
pattern; 

[0064] Fig. 8 is a view sequentially showing placement steps b^of the improved step 

repeat method; 

[0065] Fig. 9 is a view showing an order of placement by-of a reversal method in an 

example of a multiple board composed of three sub-boards having an identical pattern; 
[0066] Fig. 10 is a view sequentially showing placement steps by-of the reversal method; 

[0067] Figs. 1 1 A and 1 IB are a schematic arrangement view and a perspective view of a 

transfer head in a second embodiment of the present invention; 

[0068] Fig. 12 is a schematic arrangement view showing another example of the-a 

placement-head moving mechanism in-of the transfer head of the second embodiment; 

[0069] Figs. 13A and 13B are views showing tfee-a^relationship between the-an array 

interval of component feeders and the-an array interval of placement heads; 

[0070] Figs. 14A and 14B are views showing the-arelationship between the-an interval 

of electronic-component placing positions on the-aLcircuit board and the-an array interval of 

placement heads; 

[0071] Fig. 15 is an explanatory view showing an example of NC programs; 

[0072] Fig. 16 is a schematic arrangement view showing a component-feeder moving 

mechanism in the e lectronic c omponent mounting apparatus according to the foregoing 
embodiment of the present invention; 

[0073] Fig. 17 is a view sequentially showing placement steps by the of a conventional 

step repeat method; 

[0074] Fig. 18 is a view showing an order of placement by-of a conventional pattern 

repeat method in an example of a multiple board composed of three sub-boards having an 
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identical pattern; 

[0075] Fig. 19 is a view sequentially showing placement steps by-of the conventional 

pattern repeat method; 

[0076] Figs. 20A, 20B, 20C, and 20D are views showing respective states of a 

component placement operation performed by suction nozzles by- via a vertical motion of the 
suction nozzles; and 

[0077] Fig. 21 is a block diagram related to the-a_control section of the electronic 

component mounting apparatus according to the foregoing embodiment of the present invention. 

Be s t Mode for Carrying Out the Invention Detailed Description of the Preferred 
Embodiments 

[0078] Before the-description of the present invention proceeds, it is to be noted that like 

parts are designated by like reference numerals throughout the accompanying drawings. 
[0079] Hereinbelow, preferred embodiments of the present invention are described in 

detail with reference to the drawings. 

(First Embodiment) 

[0080] Fig. 1 is a perspective view of an electronic component mounting apparatus which 

is an example of the component mounting apparatus as a first embodiment of the present 
invention, Fig. 2 is an enlarged perspective view of a transfer head of the electronic component 
mounting apparatus of Fig. 1, and Fig. 3 is a schematic plan view of the electronic component 
mounting apparatus. 

[0081] First, construction of an electronic component mounting apparatus 100 of the first 

embodiment is described. 



[0082] As shown in Fig. 1, a pair of guide rails 14 for a circuit board 12 are provided at 

each of a loader section 16, a board holding section 18, and an unloader section 20 in the-a_top 
center of a base 10 of the electronic component mounting apparatus 100. By synchronously 
driving transfer belts provided to these e ach one for each one of these pairs of guide rails 14, 
respectively, the circuit board 12 is transferred from the pair of guide rails 14 of the loader 
section 16 on one end side to the pair of guide rails 14 of the board holding section 18 located at 
a position where components, e.g., electronic components are mounted, and further from the pair 
of guide rails 14 of the board holding section 18 to the pair of guide rails 14 of the unloader 
section 20 on th e oth e r another side. The board holding section 18 positions and holds the 
transf e rr e d up a transferred circuit board 12, preparing for component mounting. 
[0083] Y-axis robots 22, 24 are provided at both side portions, respectively, of the-atop 

surface of the base 10 upward of the circuit board 12, and an X-axis robot 26 is suspended 
between these two Y-axis robots 22, 24, where the X-axis robot 26 is advanceable and 
retreatable in a Y-axis direction by the-drive of the Y-axis robots 22, 24. Also, a transfer head 28 
is attached to the X-axis robot 26 so as to be advanceable and retreatable in an X-axis direction, 
which arrangement makes the transfer head 28 movable within an X-Y plane. In each of the 
robots, for example, ball screws are rotated forward forwardly and rev e rse reversely by motors, 
and nut members screwed with the ball screws are advanceable and retreatable in their respective 
axial directions, where members to be advanced and retreated are fixed to the nut members. 
[0084] The transfer head 28, which is mounted on the X-Y robot (one example of the-a 

transfer-head moving device) composed of the X-axis robot 26 and the Y-axis robots 22, 24, and 
which freely moves en-in the X-Y plane (e.g., a horizontal plane or a plane generally parallel to 
the top surface of the base 10), is so constructed that desired electronic components are sucked 
by suction nozzles 34 from a plurality of component feeders 30 as an example of the-a 
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component feed section for feeding such electronic components as resistor chips or chip 
capacitors, or from a component tray 32 as another example of the-acomponent feed section for 
feeding such relatively large-size electronic components as ICs such as SOPs or QFPs or 
connectors, and that the-sucked electronic components can be placed te-at component placing 
positions on the circuit board 12. Such an electronic-component mounting operation is 
controlled by a control section 52 of Fig. 21 according to a mounting program stored and preset 
in a storage section 1001. 

[0085] These component feeders 30 and component tray 32 correspond to an example of 

the-component feed sections, where the-an array interval of components in the component feed 
sections refers to a distance between component feed ports of adjoining component feeders 30 in 
the case of the component feeders 30, or to a distance between accommodation recessed portions 
for accommodating the components in the component tray 32 in the case of the component tray 
32. 

[0086] The component feeders 30 are arrayed in a multiplicity on both sides (upper right 

side and lower left side in Fig. 1) in the-atransfer direction of the pair of guide rails 14. In each 
of the component feeders 30^ are attached taped component rolls on which a multiplicity of 
electronic components such as resistor chips or chip capacitors are accommodated. 
[0087] The component tray 32 can totally accommodate totally two trays 32a which are 

longitudinal arranged longitudinally along a direction perpendicular to the board transfer 
direction of the pair of guide rails 14. Each tray 32a slides toward the pair of guide rails 14 
according to &e-ajiumber of fed components so that the-a_component takeout position in the Y 
direction is maintained at a constant position. On these trays 32a are placed a multiplicity of 
QFPs or other electronic components. 

[0088] At a side portion of the circuit board 12 positioned te -near the pair of guide rails 
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14 ? is provided a recognition device 36 for detecting any two-dimensional positional shift 
(suction posture) of electronic components sucked by the suction nozzles 34^ and allowing a 
correction en-of the transfer head 28 side so that this positional shift is canceled. 
[0089] The transfer head 28, as shown in Fig. 2, is provided as a multiple head in which a 

plurality (four in the first embodiment) of placement heads (first placement head 38a, second 
placement head 38b, third placement head 38c, fourth placement head 38d) as an example of the 
component holding devices are laterally connected together. The four placement heads 38a, 38b, 
38c, 38d are of the same construction, with each placement head having a suction nozzle 34, an 
actuator 40 for driving the suction nozzle 34 into vertical (up-and-down) operation, and a pulley 
46. Forward-and-reverse rotation rotational driving force of a 0-rotation motor 42a is 
transmitted to the pulley 46 of the first placement head 38a and the pulley 46 of the third 
placement head 38c by a timing belt 44, so that the suction nozzles 34 of both these p lacement 
heads are put into 0-rotation (rotation around the— an axis of the suction nozzles 34) 
simultaneously. Also, forward-and-reverse rotation driving force of a 9-rotation motor 42b is 
transmitted to the pulley 46 of the second placement head 38b and the pulley 46 of the fourth 
placement head 38d by a timing belt 44, so that the suction nozzles 34 of both these p lacement 
heads are put into 0-rotation simultaneously. Each actuator 40 is giv e n by constructed of , for 
example, an air cylinder, and turning on and off the air cylinder to move the suction nozzle 34 
vertically, or up and down, makes it possible to perform component holding or a_component 
mounting operation selectively. It has been arranged here that power of the 0-rotation motor 42a 
is transmitted by the timing belt 44, by which the suction nozzles 34 of the placement heads 38a, 
38c are put into 0-rotation, respectively, while power of the 0-rotation motor 42b is transmitted 
by the timing belt 44, by which the suction nozzles of the placement heads 38b, 38d are put into 
0-rotation, as shown in Fig. 2. However, such an arrangement is only an example, and it may be 



arranged that the first placement heads 38a, 38b, 38c, 38d are equipped with 0-rotation driving 
motors, respectively, that drive these- these p lacement heads into 0-rotation individually. 
However, it is preferable that the number of 0-rotation driving motors that serve for drive into 0- 
rotation be smaller to reduce the-weight of the transfer head 28. 

[0090] The suction nozzles 34 of the placement heads are replaceable, and auxiliary 

suction nozzles for replacement are previously stored in a nozzle stocker 48 on the base 10 of the 
electronic component mounting apparatus 100. The suction nozzles 34 are provided in, for 
example, S-size nozzles for sucking very small chip components of about 1.0 x 0.5 mm, M-size 
nozzles for sucking 1 8 mm square QFPs, and the like, and put into use according to the type of 
electronic components to be placed. 

[0091] Operation of the electronic component mounting apparatus having the above 

constitution is described below. 

[0092] As shown in Fig. 3, when the circuit board 12 carried in from the loader section 

16 of the pair of guide rails 14 is transferred to the board holding section 18, the transfer head 28 
is moved laterally, i.e., within the X-Y plane by the X-Y robot to suck up desired electronic 
components from the component feeders 30 or the component tray 32, then moves to over the-a 
posture recognition camera of the recognition device 36 , recognizing the which recognizes a 
suction posture of the electronic components. Then, based on the-a_recognition result, the-a 
corresponding 0-rotation motor is driven to put the -corresponding suction nozzles 34 into 0- 
rotation, thereby making performing a correction operation for suction posture. Thereafter, the 
electronic components are placed to the _at component placing positions on the circuit board 12. 
[0093] In -During suction of electronic components from the component feeders 30 or the 

component tray 32 by the suction nozzles 34, as well as in -during p lacement of electronic 
components ie-at the component placing positions on the circuit board 12, the placement heads 



38a, 38b, 38c, 38d make -cause the suction nozzles 34 meved -to move down, by actuation of the 
actuators 40 a from en-in the X-Y plane in tke-a_vertical direction (Z-direction). Also, the-a 
placement operation is performed with the suction nozzles 34 replaced, as required, according to 
the type of the electronic components to be mounted , 

[0094] By repeating the above operation of sucking electronic components and placing 

them onto the circuit board 12, the-mounting of electronic components onto the circuit board 12 
is completed. The circuit board 12 , after this ov e r th e mountings is carried out from the board 
holding section 1 8 to the unloader section 20, while a new circuit board is carried in from loader 
section 16 to the board holding section 18 and the above operation is repeated. 
[0095] It is noted here that mounting operations for electronic components are classified 

in terms of speed in t e rms of mounting cycle time, such as high, medium, and low speeds, 
according to the type (size and weight) of electronic components. This is due to the-inertia of 
electronic components, where the-classification is determined depending on the-a_suction force of 
the suction nozzles 34 and the-adhesion of the electronic components with th e to a circuit board. 
Also, component suction is performed simultaneously by a plurality of placement heads, or 
component suction is performed with one p lacement head by plac e m e nt h e ad at a time . 
[0096] Next, examples of the-an electronic component mounting method for multiple 

boards with use of the electronic component mounting apparatus according to the first 
embodiment of the present invention Is-are described with reference to Figs. 4 to 10. 

(Example 1) 

[0097] First, a_mounting operation performed by a task repeat method is described as 

Example 1. The task repeat method refers to a method of repeating te-a number of times,, 
corresponding to patterns^ the-task of sucking components with a plurality of placement heads 
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aH-simultaneously, or eaeh-individually, and then after recognition, placing all the components 
held on the placement heads onto the circuit board 12 simultaneously or individually. 
[0098] Fig. 4 shows an example of a multiple board composed of three sub-boards of an 

identical pattern for explanation's sake, where it is assumed that chip components CI - CI 2, 
SOP1 - SOP3, and QFP1 - QFP3 are to be placed onto the pattern (first, second and third 
patterns) of each sub-board of this multiple board. 

[0099] According to this mounting method, the-mounting of the electronic components is 

carried out performed in an order of chip components to SOPs to QFPs as shown by arrows in 
Fig. 4. More specifically, as placement steps are shown sequentially in Fig. 5, the-first steps 
include sucking up the chip component CI to the first placement head 38a, tfea-chip component 
C2 to the second placement head 38b, the-chip component C3 to the third placement head 38c, 
and the-chip component C4 to the fourth placement head 38d by S-size suction nozzles, 
r e sp e ctiv e ly, moving the transfer head 28 to the-component placing positions, for the-these 
individual chip components^ on the sub-board of the first pattern, and placing the chip 
components CI - C4 onto the board this sub-board in this order. Steps following this include 
sucking up th e chip components C5 - C8 by the placement heads 38a - 38d, respectively, moving 
and placing tkose -these components to the at component placing positions on the sub-board of 
the second pattern, and likewise, further sucking up th e chip components C9 - C12 to the 
placement heads 38a - 38d and placing the- these components to the at component placing 
positions on the sub-board of the third pattern in the-a^similar way. 

[00100] Next, for example, with the suction nozzle of the first placement head 38a 
changed from S to M size (where the placement head may be any other one), SOP1 is sucked up 
by the first placement head 38a and placed at the-a_component placing position on the sub-board 
of the first pattern. Next, SOP2 and SOP3 are sucked up-successively by the first placement 
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head and placed at the-component placing positions on each other sub-board in the-a_similar 
manner. 

[00101] Then, with the suction nozzle 34 of the first placement head 38a changed from M 
to L size, QFPs 1 - 3 are placed at the-component placing positions on each sub-board. 
[00102] With this task repeat method, in-fee during placing of electronic components onto 
three sub-boards, suction nozzles are changed only upon transitions from C12 to SOP1 and from 
SOP3 to QFP1. This minimizes the-ajiumber of changes of suction nozzles, thereby allowing 
electronic components to be placed eft- onto boards at high efficiency. Thus, a reduction in the 
electronic-component mounting time can be achieved. 
10 [00103] With this task repeat method, the-a_mounting time for placing electronic 
components onto a multiple board having, for example, longitudinally 4 x laterally 4, totally 16 
total sub-boards as shown in Fig. 6 can be calculated on trial as follows: 

Successive placement of four types of chip components: 

15 3 sec. x 16 patterns = 48 sec. 

Nozzle change (S — > M): 2 sec. 

SOP Placement: 1.5 sec. x 16 patterns = 24 sec. 

Nozzle change (M — ► L): 2 sec. 

QFP placement: 1.5 sec. x 16 patterns = 24 sec. 
20 Total: 100 sec. 



(Example 2) 

[00104] Next, ^mounting operation by an improved step repeat method is described as 
Example 2. 
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[00105] In this improved step repeat method, the order of mounting of electronic 
components is similar to that of the-a_conventional step repeat method as shown in Fig. 7, where 
the-mounting is carri e d out performed in the-order of chip components — * SOPs — > QFPs as 
shown by arrows in Fig. 7. More specifically, as placement steps are shown sequentially in Fig. 
8, the-first steps include sucking up th e c hip component CI to the first placement head 38a, the 
chip component C5 to the second placement head 38b, and the-chip component C9 to the third 
placement head 38c by S-size suction nozzles, respectively, aH- either simultaneously or eaeh 
individually, moving the transfer head 28, and placing the chip components CI, C5, C9 onto the 
respective sub-boards in this order. Similarly, steps following this include sucking up th e chip 
components C2, C6, CIO by the placement heads 38a, 38b, 38c, placing these -these components 
onto the-respective sub-boards, and further sucking up-and placing th e chip components C3, C7, 
CI 1 A and sucking up-and placing the-chip components C4, C8, C12. 

[00106] Next, with the suction nozzle 34 of the first placement head 38a changed from S 
to M size, SOP1 is sucked «p~by the suction nozzle 34 of the first placement head 38a and placed 
at the-acomponent placing position on the sub-board of the-ajirst pattern. Next, SOP2 is sucked 
up-by the first placement head 38a and placed onto the sub-board of the-a_second pattern, and 
further SOP3 is sucked up-and placed te4he onto the sub-board of the-ajhird pattern in the-a 
similar manner. 

[00107] Then, with the suction nozzle 34 of the first placement head 38a changed from M 
to L size, QFPs 1 - 3 are placed successively onto the-respective sub-boards in the-a_similar 
manner. 

[00108] With this improved step repeat method, in the during placing of electronic 
components onto three sub-boards, the-anumber of component suction operations can largely be 
reduced as compared with the-a_step repeat method that involves one suction operation for each 



component, thereby allowing electronic components to be placed en- onto boards at high 
efficiency. Thus, the-mounting time can be shortened. 

[00109] With this improved step repeat method, the-amounting time for placing electronic 
components onto a multiple board having longitudinally 4 x laterally 4, totally i.e. 16 total sub- 
boards as shown in Fig. 6, in the-a_similar manner can be calculated on trial as follows: 

Successive placement of one type of components: 
(3 sec. x 4 patterns) x 4 types of components = 48 sec. 
Nozzle change (S — ► M): 2 sec. 

SOP placement: 1 .5 sec. x 16 patterns = 24 sec. 

Nozzle change (M — ► L): 2 sec. 

QFP placement: 1.5 sec. x 16 patterns = 24 sec. 

Total: 100 sec. 

(Example 3) 

[00110] Next, a_mounting operation by a reversal method is described as Example 3. The 
reversal method refers to an improved version of the pattern repeat method, where the-order of 
use of suction nozzles for individual patterns is reversed from the-order of use of suction nozzles 
for one-preceding pattern. 

[00111] The- An order of mounting of components to be mounted according to this 
reversal method is described with reference to Fig. 9. The- An order of mounting for individual 
electronic components includes, as shown by arrows in Fig. 9, placing electronic components 
onto a sub-board of the-ajirst pattern, and then, as the suction nozzle that has been used at the-a 
time point of completion of &e -this p lacement step remains unchanged, beginning a placement 
step for the-a_second pattern. 
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[00112] More specifically, as placement steps are shown sequentially in Fig. 10, fee-first 
steps include sucking up th e chip component CI by the first placement head 38a, fee-chip 
component C2 by the second placement head 38b, fee-chip component C3 by the third placement 
head 38c, and fee-chip component C4 by the fourth placement head 38c by S-size suction 
nozzles, respectively, moving the transfer head 28 to fee-component placing positions on the sub- 
board of the first pattern, and placing the chip components CI - C4 onto the board in this order. 
Thereafter, with the suction nozzle 34 of the first placement head 38a changed from S to M size, 
SOP1 is sucked up-by the first placement head 38a and placed at fee-a_component placing 
position on the sub-board of the first pattern. Subsequently, similarly, with the suction nozzle 34 
of the first placement head 38a changed from M to L size, QFP1 is placed at fee-a_component 
placing position on the sub-board of the first pattern. 

[00113] Next, fee-placing of electronic components for fee-a_sub-board of fee-a_second 
pattern is performed, where, while the suction nozzle (L size) for QFP1, which has been fee-last 
placed te -onto the sub-board of the first pattern, is used as it is without being changed, QFP2 is 
first placed onto the sub-board of the second pattern. Upon completion of fee-placing of QFP2, 
SOP2 is placed with the suction nozzle changed from L to M size, and further the chip 
components C5 - C8 are placed with the suction nozzle changed from M to S size. 
[00114] Subsequently, for fee-ajsub-board of fee-ajhird pattern, while the S-size suction 
nozzle is used as it is without being changed in fee-a_similar manner, fee-chip components 9-12 
are first placed onto the sub-board of the third pattern. Then, SOP3 and QFP3 are placed onto 
this sub-board . 

[00115] Carrying out th e placing Performing placement in this way eliminates fee-ajieed 
for changing fee-a_suction nozzle upon completion of fee-a_placing step onto one sub-board, 
thereby allowing fee~a^_number of changes of suction nozzles to be largely reduced. Thus, 



electronic components can be placed onto the-a_board with high efficiency, and the-mounting 
time can be shortened. 

[00116] With this reversal method, the-amounting time for placing electronic components 
onto a multiple board havings longitudinally 4 x laterally 4, totally 16 total sub-boards as shown 
in Fig. 6 a in the-a^similar manner can be calculated on trial as follows: 

Successive placement of four types of chip components: 



3 sec. 

Nozzle change (S — ► M): 2 sec. 

SOP placement: 1 .5 sec. 

Nozzle change (M — ► L): 2 sec. 

QFP placement: 1 .5 sec. 



Sub-total: 10 sec. 
10 sec. x 16 patterns = 160 sec. 

Total: 160 sec. 

(Comparative Example 1) 

[00117] For comparison's sake, mounting times by the step repeat method and by the 
pattern repeat method are given below. 

[00118] First, ^amounting time by-for the step repeat method is as follows: 
For one type of component: 

1.5 sec. x 16 patterns x 6 types of components = 148 sec. 
Nozzle change (S — > M): 2 sec. 
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Nozzle change (M — > L): 2 sec. 

Total: 152 sec. 

(Comparative Example 2) 

[00119] Also, the-ajnounting time by the pattern repeat method is as follows: 



Successive placement of four types of chip components: 



3 sec. 

Nozzle change (S — » M): 2 sec. 

SOP placement: 1.5 sec. 

Nozzle change (M — * L): 2 sec. 

QFP placement: 1 .5 sec. 

Nozzle change (On — > S): 2 sec. 



Sub-total: 12 sec. 
(12 sec. x 16 patterns) - (last nozzle change: 2 sec.) = 190 sec. 

Total: 190 sec. 

[00120] Table 1 lists the-mounting times bv- for all the-individual mounting methods 
described above. As shown in Table 1, the task repeat method, the improved step repeat method, 
and the reversal method are capable of largely reducing tfee-a_number of component suction 
operations as compared with the step repeat method, and of largely reducing the-ajiumber of 
nozzle changes as compared with the pattern repeat method. Further, particularly with the task 
repeat method and the improved step repeat method, the-mounting time can be reduced 
remarkably, thereby allowing the-throughput of equipment to be improved. 
[00121] It is noted that the mounting time shown in Table 1 is an example of trial 
calculation under the— above-described conditions, and when the—component mounting is 
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performed under other different conditions, there are some cases where more remarkable 
mounting-time reduction effects can be obtained in ihe- terms of mounting time of the individual 
Examples as compared with the mounting time- times of the_Comparative Examples. 



Table 1: 





Mounting 
method 


Number of 
Component 
suction 
operations 


Number of 
times of 
nozzle 
change 


Mounting 
time 


Example 1 


Task repeat 


48 


2 


100 sec. 


Example 2 


Improved Step 
repeat 


48 


2 


100 sec. 


Example 3 


Reversal 


48 


32 


160 sec. 


Comparative 
Example 1 


Step repeat 


96 


2 


152 sec. 


Comparative 
Example 2 


Pattern repeat 


48 


47 


190 sec. 



(Second Embodiment) 

[00122] Next, an electronic component mounting apparatus according to a second 
embodiment of the present invention is described. 

[00123] Fig. 11A is a schematic arrangement view showing tke-construction of a transfer 
head 29 of the second embodiment. The transfer head 29 of the second embodiment is giv e n by 
constructed from a placement-head moving mechanism 900 (one example of the-acomponent- 
holding-device moving mechanism) in which four placement heads^, i.e. 39a, 39b, 39c, 39d, as 
an example examples of the-component holding deviee- devices having a ball screw mechanism, 
i.e. a ball screw 50, a motor 54, and clutches 56a, 56b, 56c, 56d are provided so as to be 
advanceable and retreatable each along one direction. The rest of the construction is the same as 
in the first embodiment. 

[00124] These placement heads 39-can be moved to desired positions by controlling the 



turn-on and -off of the motor 54 and the clutches 56a, 56b, 56c, 56d provided for the placement 
heads, respectively, according to instructions from the-control section 52, so that intervals Lj, L 2 , 
L3 between the placement heads can be controlled independently of one another, thereby 
allowing the intervals to be set to desired ones. Fig. 1 IB shows details of the clutches 56a - 56d. 
The clutches 56a - 56d are of the same structure and so illustrated as a clutch 56. The clutch 56, 
having a two-divided structure adapted to sandwich the ball screw 50 from both sides, is 
movable along four guides 104 parallel to one another in either direction indicated by an arrow 
106 between an engagement position where the clutches 56 sandwiches sandwich the ball screw 
50 from both sides to be engaged with the ball screw 50, and a disengagement position where the 
clutches 56 s e parates separate from the ball screw 50 on both sides to be disengaged therefrom. 
Air is supplied to a cylinder 103 through an air pipe 102 by the control section 52 controlling the 
turn-on and -off of an air valve 101 connected to an air supply source, and the clutch 56 is 
positioned te-at the engagement position to be engaged with the ball screw 50 or the 
disengagement position to be disengaged therefrom, by actuation of the cylinder 103. While the 
clutch 56 is engaged with the ball screw 50, the clutch 56 is advanced and retreated in the-an 
axial direction of the ball screw 50 by forward and reverse rotation of the ball screw 50 due to 
forward and reverse rotation of the motor 54. 

[00125] Also, a placement-head moving mechanism 901 shown in Fig. 12 may also be 
used as another example of the component-holding-device moving mechanism for changing the 
distances, or array interval, of the placement heads 39a - 39d. In the arrangement shown in Fig. 
12, a ball screw 50a is non-rotatablv fixed unrotatabl e. where reference numerals 105a, 105b, 
105c, 105d denote hollow motors which engage with the ball screw 50a by themselves and rotate 
around the ball screw 50a. Under the-control by the control section 52, the hollow motors 105a - 
105d are actuated individually and independently of one another, making the placement heads 
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39a - 39d advanc e d advance and r e treated retreat along the ball screw 50a individually and 
independently, by which the-intervals between the placement heads 39a - 39d can be adjusted. 
[00126] By virtue of the arrangement that the-intervals between the-individual placement 
heads are made variable as shown above, the following effects can be produced. 
[00127] First of all, given that the-array intervals of component arrays of the-component 
feeders 30 that feed electronic components are Mi, M 2 , M 3 as shown in Fig. 13A, intervals L*, L 2 , 
L3 of the placement heads can be made coincident with the array intervals Mi, M2, M3 of the 
component feeders 30. As a result of this, ie- during sucking of electronic components 60 by the 
suction nozzles 34, the electronic components can be sucked up-by the suction nozzles 34 of all 
the placement heads simultaneously and collectively. In more detail, as shown in Fig. 2, by 
simultaneously driving the actuators 40 of all the placement heads to thereby lower all the 
suction nozzles 34 simultaneously and collectively, four electronic components can be sucked 
and held simultaneously and collectively by the four suction nozzles 34. Also, by driving the 
actuators 40 of all the placement heads not simultaneously^ but sequentially one by one a to 
thereby lower all the suction nozzles 34 sequentially and in succession, the four electronic 
components can be sucked and held sequentially by the four suction nozzles 34 without moving 
the placement heads within the X-Y plane. 

[00128] Also, even when component feeders 30 of electronic components to be placed are 
not adjoining, that is, a component is sucked also from a component feeder 30 apart therefrom by 
the interval M 3 beyond component feeders 30 that are not targeted for component suction as 
shown in Fig. 13B, electronic components can be sucked simultaneously even from the-this 
distant component feeder 30 by appropriately changing the-an interval (L 3 in the figure) between 
the placement head 39a and the placement head 39b so that the interval becomes coincident with 
the interval M 3 . 



38 

[00129] Therefore, tfee-suction of components by tfee-individual suction nozzles 34 can be 
completed by a one-time simultaneous up-and-down motion of the individual placement heads, 
so that the-component suction time can considerably be shortened, compared with tke-an 
arrangement that components are sucked one by one for each suction nozzle 34. 
[00130] Secondly, ift- during p lacing of electronic components held by suction nozzles 
onto a circuit board, as shown in Fig. 14, the-placement of the-electronic components 60 onto the 
circuit board can be completed by a one-time simultaneous up-and-down motion of the 
individual placement heads by virtue of the-an arrangement that the-intervals Li, L2, L3 of the 
placement heads are made coincident with tha-component array intervals Nj, N2, N3, respectively, 
of the electronic components to be placed, i.e., that L\ = Ni, L2 = N2, and L 3 = N 3 . In more detail, 
as shown in Fig. 2, by simultaneously driving the actuators 40 of all the placement heads to 
thereby lower all the suction nozzles 34 simultaneously and collectively, four electronic 
components can be placed onto the circuit board 12 simultaneously and collectively by the four 
suction nozzles 34. Also, by driving the actuators 40 of all the placement heads not 
simultaneously,, but sequentially one by one, to thereby lower all the suction nozzles 34 
sequentially and in succession, the four electronic components can be placed onto the circuit 
board 12 sequentially by the four suction nozzles 34 without moving the placement heads within 
the X-Y plane. 

[00131] As a result of this, tfee-component placing time can considerably be shortened. It 
is noted here that Fig. 14A shows a case where the-intervals of suction nozzles and the-intervals 
of electronic components are equal to one another (Li = L2 = L3 = Nj = N2 = N 3 ), and Fig. 14B 
shows a case where the-component intervals are different from one another. 
[00132] In this case, whereas electronic components can be mounted most efficiently by 
sucking and holding the electronic components by the placement heads in the state shown in Fig. 
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13A A and then placing the electronic components onto the board as shown in Fig. 14A, 
performing the-component placing by, for example, sucking the-electronic components in the 
state of Fig. 13A and then moving the electronic components to the placement head positions 
shown in Fig. 14B during the move movement of the transfer head 29 leads to an improvement 
in tfee-mounting cycle time. 

[00133] Intervals between the placement heads at such component feed positions as shown 
in Fig. 13 A, and intervals between the placement heads at such component placing positions as 
shown in Fig. 44- 14 A are set by designating X and Y coordinates of component feed positions 
and X and Y coordinates of placement positions with an NC program shown in Fig. 15 and 
previously stored in the storage section 1001 of Fig. 21, reading these X and Y coordinates by 
control of the control section 52, and calculating with an arithmetic section 1002 of Fig. 21. The 
NC program is a program for sequentially instructing operations of component mounting for the 
component mounting apparatus. For example, in the-a_case where the X-coordinates of 
component feed positions read from the storage section 1001 are kl for the placement head 39d, 
k2 for the placement head 39c, k3 for the placement head 39b, and k4 for the placement head 39a 
at steps Nos. 1 - 4, fee-intervals Lj, L 2 , L 3 between the placement heads are determined by the 
arithmetic section 1002 so that the-individual placement heads become coincident with the 
designated component feed positions. In this case, the arithmetic section 1002 performs 
calculations of Li = k 2 - ki, L 2 = k 3 - k 2 , L 3 = k4 - k 3 to determine the intervals L u L 2 , L 3 between 
the placement heads. 

[00134] Also, in tfee-a^case where the X-coordinates of component placing positions read 
from the storage section 1001 are X n for the placement head 39d, Xi 2 for the placement head 
39c, X13 for the placement head 39b, and X u for the placement head 39a at steps Nos. 1 - 4 of 
Fig. 15, the-intervals L u L 2 , L 3 between the placement heads are determined by the arithmetic 



section 1002 so that the-individual placement heads become coincident with the-designated 
component placing positions. In this case, the arithmetic section 1002 performs calculations of 
Li = X12 - Xn, L2 = X13 - X12, L3 = X14 - X13 to determine the intervals Li, L2, L3 between the 
placement heads. 

[00135] It is noted here that although tfee-a_change of the-intervals between the placement 
heads at the component feed positions may be done- performed at the component feed positions, 
yef-performing the-a^_change of the intervals between the placement heads during th e mov e 
movement of the transfer head 29 subsequent to the-placing of theK)ne-preceding component 
allows an improvement in the-mounting cycle time to be achieved. It is noted that although fee 
intervals between the placement heads in- during component suction and component placement 
operations are determined through calculations by the arithmetic section 1002 based on X and Y 
coordinates of component feed positions and X and Y coordinates of placement positions in the 
above example, ye*-it is also possible to previously store intervals of the component feeders 30 
and/or intervals of placement positions in the storage section 1001 so that a_placement-head 
adjustment operation can be defte- performed only by reading those intervals without any 
arithmetic processing. In summary, it is required only that array information, concretely, interval 
or positional information as to the component feeders 30 or placement positions be stored in the 
storage section 1001. 

[00136] Also, the-changing of intervals between the placement heads at a component feed 
position may also be obtained by recognizing component array po s ition positional information as 
to marks or the like provided on the component feeders 30 with a camera or sensor or other 
recognition device 905 (one example of component-array-position-information recognition 
devices) provided on the transfer head 28 or 29, and performing arithmetic processing with the 
arithmetic section 1002 to thereby obtain tfee-intervals of the component feeders 30, and 



adjusting the-intervals between the placement heads so that these- these intervals are adjusted to 
adjust th e obtained intervals of the component feeders 30. 

[00137] Similarly, it is also possible that with electronic components sucked and held in 
the state shown in Fig. 13B, component placement is performed by moving the components to 
placement-head positions shown in Figs. 14A and 14B. 

[00138] In any of the above-described ems cases , component suction or component 
placement for all the placement heads can be completed by a simultaneous one-time up-and- 
down motion of the placement heads, so that the-component mounting time can largely be 
shortened. 

[00139] In addition, the-aj)lacement-head moving mechanism for moving the placement 
heads to adjust the-intervals of the placement heads may be not only a ball screw mechanism but 
also any d e vic es whichever device that can maintain the-travel speed and tbe-precision. Further, 
although the transfer head in the first and second embodiments has a quadruple-placement-head 
structure, yeRhe present invention is not limited to this and may be structured so as to have any 
arbitrary number of placement heads. 

[00140] The first and second embodiments have been shown above in an arrangement that 
array intervals of the placement heads are adjusted so as to be respectively coincident with array 
intervals of the component feeders 30^ or intervals of the-electronic-component placing positions 
on the circuit board. However, without being limited to this, it may also be arranged, for 
example, that array intervals of the component feeders 30 are adjusted by a component-feeder 
moving mechanism (one example of component-feed-section moving mechanisms) on the basis 
of tke-array intervals of the-individual placement heads, or that tfee-intervals of electronic- 
component placing positions on the circuit board are design-changed. By so doing, the 
placement-head moving mechanism on the-ajransfer-head side becomes unnecessary, thereby 



allowing the transfer head to be reduced in weight and the-atravel speed to be enhanced, so that 
higher-speed mounting becomes achievable. 

[00141] Fig. 16 shows a concrete example as-of a component-feeder moving mechanism 
120 (one example of component-feed-section moving mechanisms) for changing the-array 
intervals of the component feeders 30. In the component-feeder moving mechanism 120, feeder 
stands 111a, 111b, 111c, 11 Id for setting thereon the component feeders 30 respectively are 
advanceable and retreatable along a non-rotatably fixed ball screw 1 10 fix e d unrotatabl e. Inside 
the feeder stands 1 1 la - 1 1 Id, are provided hollow motors 1 15a - 1 15d which rotate around the 
ball screw 110, respectively. The hollow motors 115a - 1 1 5d are operated individually and 
independently of one another by the-control from the-control section 52, by which the feeder 
stands 111a - 11 Id are advanced and retreated along the ball screw 110 individually and 
independently, so that array intervals Ml, M2, M3 of the component feeders 30 can be changed 
so as to be coincident with the-intervals between adjacent placement heads. 
[00142] Further, if heights of the-individual placement heads can be adjusted vertically so 
as to be coincident with heights of the-components, the components can be sucked or placed 
while lowering extents for the individual placement heads are adjusted to optimum positions 
according to the heights of the components. 

[00143] According to the component mounting method and the component mounting 
apparatus of the present invention, m-4h e during a process of mounting components onto a 
multiple board, 

(1) a change of suction nozzles is dene- performed after a placement step of placing onto 
the board all components that can be held by an identical suction nozzle has been applied to all 
the-sub-boards, which makes it possible to suppress the-a_number of times of change of suction 
nozzles to a minimum; 



(2) after a placement step of placing components onto individual sub-boards successively 
with components of an identical type held by the suction nozzles, respectively, has been applied 
to all the sub-boards, the-a_working step moves to the-a^next placement step, which makes it 
possible to replace an operation of repeating suction and component placement component by 
foLone component with an operation of previously sucking plural components all at a -one t ime 
and placing the components onto a board ; and 

(3) when tfee-placement of components ie- onto one sub-board is completed and succeeded 
by the-placement of components te~the -onto a next sub-board, the-a^suction nozzle that is the-last 
used for the-a_placement-completed sub-board is used as it is for the next sub-board, which 
makes it possible to reduce th^anumber of times- time of ehange-changesof suction nozzles. 
[00144] By these methods of (1) to (3), mounting operation can be carried out performed 
efficiently so as to be free from any waste. Thus, the-component mounting time can be 
shortened and the-throughput of equipment can be improved. 

[00145] Further, by virtue of the-an arrangement that the^component array intervals of the 
component feed section or the-intervals of component placing placement p ositions on the board 
are made coincident with the-array intervals of the component holding devices of the transfer 
head, the-components can be held by the component holding devices by a simultaneous one-time 
up-and-down motion of the component holding devices in talcing out the d uring removal of 
components from the component feed section. Also, in -during p lacing onto #*e-a_circuit board 
the-components held by the component holding devices, the components can be placed te-at 
desired positions on the circuit board by a simultaneous one-time up-and-down motion of the 
component holding devices. Thus, the-component mounting time can greatly be shortened. 
[00146] Although the present invention has been fully described in connection with the 
preferred embodiments thereof with reference to the accompanying drawings, it is to be noted 



that various changes and modifications are apparent to those skilled in the art. Such changes and 
modifications are to be understood as included within the scope of the present invention as 
defined by the appended claims unless they depart therefrom. 



ABSTRACT 



An electronic component mounting method for placing electronic components 
successively to component placing positions on a board by component holding devices equipped 
with a plurality of removable suction nozzles which is operable to hold the electronic 
components. The method, as an example of its various manners, includes: in placin g the 
electronic components onto a multiple board composed of a plurality of sub-boards, applying a 
placement step to all the sub-boards, the placement step being a step of placing onto the board all 
of electronic components that are holdable by an identical suction nozzle; and after completion 
of the placement step, changing the suction nozzle to another and moving to a next placement 
step, whereby electronic-component mounting for the individual sub-boards is carried out. In 
another aspect, component array intervals (M) of component feed sections or intervals (N) of 
component placing positions on the board are made coincident with array intervals (L) of the 
component holding devices. 



